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A B S T R A C T
Postictal psychosis (PIP) represents 25% of the psychoses seen in epileptic patients. A high frequency of
bilateral independent epileptiform activity has been observed in patients with PIP. The objective of this
study was to determine the frequency of PIP in patients with temporal lobe epilepsy (TLE) who
underwent video-EEG monitoring and to investigate possible differences between PIP and control
patients.
Methods: Clinical, electroencephalographic and neuroimaging data of 5 PIP patients with TLE were
comparedwith data of 50 patientswith TLEwithout psychotic antecedents. Patients with a past history of
interictal psychosis were excluded.
Results: From 55 patients, 5 were patients with PIP and 50 controls. 31 (62%) were men, 9 (16.4%) had a
previous history of encephalitis and 6 (10.9%) of status epilepticus. The mean age was 42.2 years (S.D.
12.93). Mean age at epilepsy onset was 16.95 years (S.D. 12.93) and mean seizure frequency 5 seizures/
month (S.D. 1.87). The frequency of PIP was 5/55 (9.1%). Previous history of status epilepticus was more
frequent in PIP patients than in controls (p: 0.019). PIP patients more frequently had a non-lateralizing
ictal EEG than controls (p: 0.001). Bitemporal lobe dysfunction revealed by neuropsychological studies
was greater than expected by the observed lesion on MRI studies in patients with PIP. Moreover, the
presurgical study was less conclusive in PIP than in control patients (p: 0.049).
Conclusions: PIP is observed in up to 9% of patients with TLE undergoing video-EEG monitoring and most
often develops in patients with bitemporal lobe dysfunction.
 2008 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
Contents lists available at ScienceDirect
Seizure
journa l homepage: www.e lsev ier .com/ locate /yse iz1. Introduction
Postictal psychosis (PIP) is deﬁned as psychoses starting shortly
after an epileptic seizure. PIP comprises approximately 25% of the
psychoses of epileptic patients.1 It has been reported in up to 6% of
all patients undergoing video-EEG monitoring.2 In addition, more
than 60% of patients can suffer several PIP2,3 and, unfortunately it is
a known risk factor for chronic psychosis. Around 10% of patients
with PIP may became chronically psychotic.4* Corresponding author at: Department of Neurology, Epilepsy Unit, Hospital de
Bellvitge, Feixa LLarga S/N, 08907 Hospitalet de Llobregat, Spain.
Tel.: +34 932607711.
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doi:10.1016/j.seizure.2008.08.009Postictal psychosis complicates both primary generalized and
partial epilepsy, beingmore frequent in partial epilepsy5,6 specially
in temporal lobe epilepsy.7
PIP typically appears after a cluster of tonic-clonic seizures or
complex partial seizures. These seizures are followed by an
immediate postictal period of lethargy and confusion which
resolves into a lucid interval up to 72 h. The psychosis follows the
lucid interval and is characterized by pleomorphic symptoms
including paranoid delusions and auditory and visual hallucina-
tions.8 It is initiated, characteristically, with severe anxiety,
insomnia and feelings of oppression and withdrawal.9
Conversely, interictal psychosis (IIP) is deﬁned as psychosis not
temporally related to seizure activity and, phenomenologically, is
indistinguishable from schizophrenia although some authors have
reported a better preservation of affects, mood swings, mysticalvier Ltd. All rights reserved.
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general, IIP, in epilepsy patients, has a more benign course and
better response to pharmacologic therapy than psychosis in non-
epileptic patients.8,10
The pathogenesis of PIP and IIP remains poorly deﬁned. In some
patients PIP may coexist with IIP and some authors have suggested
a progression from PIP to IIP.4
The risk factors described previously for PIP have increased
number of generalized tonic-clonic seizures in chronic epilepsy,
and bilateral cerebral dysfunction.11 A high frequency of
bilateral independent epileptiform activity has been observed
in patients with PIP.11 Also higher incidence of encephalitis and
head trauma antecedent have been reported in patients
suffering PIP.11 Other risk factors reported have been the
presence of alien tissue lesions including focal cortical dyspla-
sias12; psychic auras, specially fear auras6 and absence of febrile
convulsions.13
On the other hand, an increased risk of chronic psychosis has
been reported in patients with bilateral temporal dysfunction
undergoing epilepsy surgery.6,14
The objective of this study was to ascertain the frequency of PIP
in patients with temporal lobe epilepsy who underwent video-EEG
monitoring and to investigate possible risk factors associated with
suffering a PIP.
2. Patients and methods
Patients with a psychotic episode after a seizure during a
prolonged video-EEG monitoring between 2002 and 2004 were
identiﬁed from a retrospective chart review of patients admitted to
our epilepsy monitoring unit for presurgical evaluation. All
patients underwent a comprehensive presurgical evaluation
including complete neurological and psychiatric examination,
routine EEG, non-invasive long-term video-EEG monitoring, a
high-resolution MRI and neuropsychological testing.
2.1. Postictal psychosis/interictal psychosis deﬁnitions
A diagnosis of PIP was made based on criteria adapted from
Logstail and Toone15 consisting of:1- Episode of psychosis developed within one week after a seizure
or a cluster of seizures.2- Psychosis lasting at least 15 h and less than 2 months.
3- Mental state characterized by delirium or delusions (para-
noid, non-paranoid, delusional, misidentiﬁcations) or hallu-
cinations (auditory, visual, somatosensory, olfactory) in clear
consciousness.4- No evidence of:
(a) Previous history of treatment with antipsychotic medica-
tion or evidence of psychosis within the past three months.
(b) Antiepileptic drug toxicity.
(c) EEG evidence of non-convulsive status epilepticus.On the other hand, interictal psychosis was deﬁned as:1- Psychosis not temporally related to seizure activity.
2- No evidence of AED toxicity; EEG ﬁndings consistent with non-
convulsive status epilepticus; no evidence of recent head
trauma, alcohol or drug intoxication or withdrawal.3- Mental state characterized by delusions, hallucinations in clear
consciousness, bizarre or disorganized behavior, formal thought
disorder or affective changes.4- Psychotic symptoms for less than 1 year; if duration was longer
they were considered to have chronic psychosis.All patients who underwent a prolonged video-EEGmonitoring
were evaluated by a psychiatrist (L.P.) in order to collect previous
psychiatric history and actual pathology. Neuroleptic treatment
(risperidone) was started when necessary in the patients who
suffered a PIP during the presurgical evaluation.
The following clinical and demographic variables were
collected: (A) epilepsy characteristics: age, age at epilepsy
onset, age at ﬁrst PIP, handedness, seizure type (according to the
semiologic classiﬁcation16 febrile seizures history, family
history of Epilepsy, encephalitis, meningitis, severe cranial
trauma or history of status epilepticus, seizure frequency,
epilepsy etiology. (B) Results of the prolonged video-EEG
monitoring: interictal and ictal EEG data, neuroradiological
and neuropsychological ﬁndings. (C) Conclusions of the pro-
longed EEG monitoring/indication of surgery: all studies were
classiﬁed as localizing or non-localizing. (D) Surgery outcome
(in patients who underwent surgery) was recorded according to
a modiﬁed Engel classiﬁcation.17 (E) Psychiatric history: PIP
during or after prolonged video-EEG monitoring, previous PIP
history, previous IIP history.
The patients were divided in three groups: patients who
suffered a PIP before, during or after a prolonged video-EEG
monitoring, patients with a past history of IIP and patients with no
psychotic antecedents.
For the objectives of this study patients with a past history of IIP
were excluded. Nowadays is not clear if PIP and IIP share the same
physiopathology or not. So IIP patients were not considered true
patients or even true controls.
2.2. Material
Video-EEG was performed in the BMSI with 128 channels
or the Deltamed with 64 channels. Superﬁcial electrodes
were located using the 10/20 International system using
additional electrodes in the frontotemporal regions according
the 10/10 system. Semi-invasive monitoring (foramen ovale
electrodes or esphenoidal electrodes) was used if needed (in
seven patients).
MRI methods: MRI scanning was performed with a 1.5-Tesla
Sigma scanner (GE Medical Systems, Milwaukee, WI) according to
a standardized protocol for epileptic patients.
The neuropsycological test battery included: tests covering the
cognitive domains of intelligence and memory.
Surgical methods: Until December 2007, 21 patients under-
went resection of either the left or the right anterior temporal
lobe. All surgical procedures were performed by the same
neurosurgeon (J.R.B.). A standardized medial temporal resection
was performed.
2.3. Analyses
The PIP group was compared to the controls (patients with no
psychotic history excluding patients with IIP) in terms of seizure
risk factors (history of head trauma, encephalitis, meningitis,
febrile seizures. . .), seizure history (age at epilepsy onset, seizure
type, seizure frequency), results of the prolonged video-EEG
monitoring (interictal EEG, ictal EEG, neuropsychologic study, MRI
study, ictal Spect) and conclusions of the EEG monitoring
(indication of surgery, surgery outcome).
All statistical analysis was performed using SPSS for Windows
(version 12.0, SPSS Inc., Chicago, IL, U.S.A.). Categorical variables
were analyzed using a one-tailed chi-square analysis (with Yates
correction when warranted) and continuous data were analyzed
using t-test, ANOVA and non-parametrical analysis: Kruskal–
Wallis test.
Table 1
Demographic and epilepsy characteristics
PPI
patients
Controls
(TLE patients)
p
5 % 50 %
Aura
Epigastric 2 40 16 32 0.469
Psiquic 1 20 8 16
No aura 1 20 15 30
Other 1 20 10 20
Seizure type
Automotor/dialeptic 3 60 42 94 0.025
a/d-SGTC 2 40 2 4
Complex motor 0 0 1 2
Seizure semiology
Right 3 60 18 36 0.678
Left 17 34
Temporal 2 40 13 26
Men 3 60 28 56 0.623
Febrile seizure antecedents 1 20 14 30 0.549
Familial history 1 20 8 17 0.638
Meningitis antecedents 1 20 6 50 0.416
Encephalitis antecedents 2 40 5 11 0.074
Status epilepticus antecedents 3 60 4 10 0.019
Lesion
HS 4 80 27 56 0.755
Dysplasia 0 0 6 12
Heterotopia 0 0 1 2
No lesion 1 20 2 4
Tumour 0 0 6 12
Encefalomalacy/atrophy 0 0 1 2
Cavernoma 0 2 4
Etiology
Postraumatic 0 0 5 11 0.237
Encephalitis 1 20 4 9
Meningitis 1 20 1 22
Related to tumour 0 0 6 13
Congenital 1 20 10 22
Not known (with HS) 1 0 20 43
Not known (without HS) 1 20 4 8
Lesion side
Right 3 60 25 50 0.307
Left 1 20 19 38
No lesion 1 20 5 10
Mean S.D. Mean S.D. p
Age (years) 48.6 12.4 41.5 12.1 0.221
Age at epilepsy onset (years) 22.6 16.2 16.3 12.6 0.724
Disease duration (years) 26 17.3 26.1 14.1 0.982
Seizure frequency (month) 5 1.87 10.66 12.5 0.727
HS: hippocampal sclerosis; a/d-SGTC: automotor/dialeptic evolving to secondarily
tonic-clonic seizure.
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Between 2002 and 2004, 144 non-invasive prolonged video-
EEGmonitorizations, corresponding to 129 different patients, were
done by the Epilepsy Unit of Hospital Clinic I Provincial of
Barcelona. From this group of patients 58/129 (45%) were
diagnosed of temporal lobe epilepsy.
Four patients suffered a PIP during the prolonged video-EEG
monitoring, three (75%) of these patients suffered other episodes of
PIP before or after the presurgical evaluation and one (25%) had a
history of a previous IIP. Another three patients who underwent
presurgical evaluation had previously suffered a IIP and one had a
history of a previous PIP. The risk of suffering a PIP during a
prolonged video-EEG monitoring in patients with chronic refrac-
tory epilepsy arising from the temporal lobe was 4/55 (7.27%) but
the risk of suffering a PIP in the group of patients with previous
episodeswas 3/5 (60%). The prevalence of IIPwas 4/58 (6.89%). One
patient had history of previous episodes of IIP and of PIP, so the
coexistence of both pathologies in our population was 1/58 (1.7%).
Globally, 55 patients were included, 5 PIP and 50 controls, 3
patients with IIP were excluded from them, 31 patients were men
(62%), 15 (27.3%) had suffered febrile seizures, 9 (16.4%) reported a
family history of epilepsy, 9 (16.4%) suffered an encephalitis,
6(10.9%) had antecedents of a head trauma and 6 (10.9%) patients
had suffered status epilepticus. The mean age was 42.2 years (S.D.
12.93). Mean age at epilepsy onset was 16.95 (S.D. 12.93) and the
mean seizure frequency before presurgical evaluation was
5 seizures/month (S.D. 1.87).
PIP patients were compared with controls in terms of
demographic characteristics, see Table 1 for comparison of
demographic and epilepsy characteristics. No differences were
seen in gender, age, age at epilepsy onset, disease duration, seizure
frequency, or pathological antecedents (febrile seizures history,
head trauma history, family history, meningitis or encephalitis
antecedents). We observed only one difference in the epilepsy
characteristics: previous history of status epilepticus was more
frequent in PIP than in control patients (p: 0.019). In addition a
tendency was observed in relation to previous history of
encephalitis, being more frequent in the PIP group (p: 0.074).
Comparing epilepsy characteristics between PIP and control
patients, we did not ﬁnd differences in types of aura although we
found differences in seizure type: more PIP patients suffered
dialeptic or automotor seizures evolving to secondary general-
ization than control patients (p: 0.025).
Comparing neuroradiological studies between PIP and control
patients, no differences were seen. From the PIP patients, four
(80%) had evidence of hippocampal sclerosis (HS) on MRI,
unilateral in all. In one of the PIP patients the HS was associated
with a congenital malformation of the hippocampus. Of the control
group, 27/50 (54%) presented HS on MRI, being unilateral in 26/27
(96.3%). No cortical dysplasia or tumourwas seen on theMRI of the
PIP patients, 7/45 (15.5%) controls showed cortical dysplasia of
anterior temporal lobe onMRI and 6/45 (13.3%) low grade tumours
(DNET). One PIP patient (20%) showed no abnormalities on MRI
and another ﬁve control patients (10%) showed no abnormalities
on MRI.
Comparing video-EEG monitoring results, we found some
differences: PIP patients more frequently had a non-lateralizing
ictal EEG than controls (p: 0.001). In PIP patients ictal pattern was
bitemporal from the beginning, or had a rapid spread of seizure, or
seizures arising from both temporal lobes were recorded. One of
the PIP patients was studied with foramen ovale electrodes and
again the ictal pattern was non-lateralizing and in another PIP
patient different seizures (with different semiology)were recorded
arising from both temporal lobes independently.No differences were seen in clinical semiology, interictal EEG or
neuropsychological studies.
In the control group, the temporal lobe dysfunction observed by
the neuropsycological tests was concordant with the side of the
temporal lobe lesion found by MRI (p: 0.02). Conversely, in the PIP
group, the temporal lobe dysfunction (bitemporal memory
deﬁcits: visual and verbal memory) was greater than expected
given the lesion observed on MRI and no concordance was
observed between MRI studies and neuropsychological test (p:
0.329).
Globally the presurgical evaluation was less conclusive in PIP
than in controls (p: 0.049). Only one PIP patient underwent an
anterior temporal lobe resection and remained with the same
seizure frequency after surgery (Engel IVB). In the control group, 21
underwent an anterior temporal lobe resection before the end of
Table 2
Presurgical evaluation study
PPI
patients
Controls
(TLE patients)
p
5 % 50 %
Interictal EEG
Right > 90% 2 40 19 38 0.692
Left > 90% 0 0 14 30
Right > 50% 0 0 3 6
Left > 50% 1 20 4 9
Right = left 2 40 3 6
Normal 0 0 0 0
Ictal EEG
Right 2 40 24 48 0.019
Left 0 0 20 40
Temporal 3 60 5 10
Extratemporal 0 0 1 2
Neuropsychological study
Dominant hemisphere dys. 2 40 15 29 0.162
Non-dominant he. dys. 0 0 14 27
Bitemporal 3 60 10 19
Normal 0 0 8 15
Localizing study 2 40 42 84 0.049
Surgically treated 1 20 21 42
Seizure free post surgery 0 0 18 85
Dys: dysfunction, He: hemisphere.
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are in Engel class IIA to IIC and another patient is in Engel class IVB.
See Table 2 for comparison of groups in the presurgical
evaluation study.
4. Discussion
Our ﬁndings suggest that PIP most often occurs in patients who
suffer frequent secondary generalized seizures and in patients
with temporal lobe epilepsy with bilateral dysfunction. Having a
history of status epilepticus wasmore frequent among PIP patients
than controls. Critical non-lateralized EEG was also more frequent
among patients than controls and globally presurgical evaluation
was less localizing in PIP than in control patients.
In our study PIP was observed in 8.6% of the temporal lobe
epilepsy patients who underwent prolonged video-EEG monitor-
ing, similarly to other studies conducted in epilepsy monitoring
facilities.2,3 More than 50% of patients who had suffered a previous
PIP suffered a new episode during the prolonged video-EEG
monitoring, in many cases with a latent period of 24 h or more, the
ﬁrst symptoms being severe insomnia and anxiety followed by
paranoid delusions and visual hallucinations. Treatment with
neuroleptic drugs was necessary in all cases, and symptoms
resolved completely in a week. So special care should be taken
whenmonitoring patients with a previous history of PIP, especially
if they present severe insomnia during monitorization.
Previous studies have reported durations of epilepsy of over 10
years before the onset of any psychosis,2,3 however in two of our
patients PIP episodes started within 5 years of disease onset.
We did not ﬁnd any relation between type of aura and PIP, in
contrast to previous reports mentioning a relation with psychic
auras, particularly ictal fear.18,6
As in our study, previous studies have also found that a history
of status epilepticus is related to the development of PIP and also to
IIP.9 Other related factors which have been described previously
are having a history of encephalitis or of head trauma.11 These
antecedents (head trauma, encephalitis and status epilepticus) are
often associated with bilateral cerebral injury, specially bilateral
limbic injury. In contrast, in those patients with past history ofmeningitis the damage observed tends to be limited to the limbic
system and tends to be unilateral,19 being good predictors of
seizure outcome after anterior temporal lobectomy (ATL) in
patients with refractory epilepsy. Febrile seizure also tends to
produce unilateral damage to the lymbic system and again it is a
good seizure outcome predictor after ATL.20
There is no agreement overwhich pathologies aremore likely to
be related to the development of PIP. Some studies have reported
that it occurs in patients with temporal lobe epilepsy stemming
from mesial temporal sclerosis3 and they have also observed a
tendency involving mesial temporal lobe sclerosis on the left side.
On the other hand, Taylor et al. commented that epilepsy patients
with PIP were less likely to havemesial temporal lobe sclerosis and
more alien tissue lesions (small tumours, malformations of cortical
development).21 This ‘‘cortical maldevelopment’’ could result in
developmental disconnection of the temporolimbic structures and
prefrontal structures.13
Patients with PIP have evidence of bilateral cerebral dysfunc-
tion.11,12 A high frequency of bilateral independent or generalized
epileptiform activity in patients who develop PIP has been
previously observed.6,11,12 Althoughwe did not ﬁndmore frequent
bilateral independent epileptiform interictal activity we found
more bilateral ictal activity (either independent or arising fromone
temporal lobe with rapid seizure spread to the other). Previous
studies have shown that ictal scalp EEG propagation and bilateral
interictal EEG were predictors of poor surgical outcome in mesial
temporal lobe epilepsy.22 Only one of our patients with PIP
underwent surgery with bad results. Suffering PIP could also be
considered a predictor of poor surgical outcome because of its
relationwith bilateral temporal lobe dysfunction. In contrast, other
authors23,6 have reported good results, obtaining seizure control
and no recurrence of PIP. In addition ﬁve patients with temporal
lobe epilepsy and IIP also underwent surgery, achieving good
seizure control but with no effect on the course of psychosis.24
None of the ﬁve patients with chronic psychosis who underwent
epilepsy surgery showed bilateral ictal or interictal activity.14
The physiopathology of PIP is not currently clear. Immediately
after a cluster of seizures, PIP patients may experience an unusually
profound depression of limbic function but cerebral perfusion Spect
studies, in patients with temporal lobe epilepsy who developed a
PIP, have shownbitemporal andbifrontal hyperperfusionduring the
PIP period.14 Spect studies have also found regional cerebral
hyperperfusion in patients with postictal hemiparesis25 and it
had been suggested that it can represent a loss in cerebrovascular
autoregulation at the site of the epileptogenic foci. Elevated cerebral
blood ﬂowmay be associatedwith inhibitory activity, either though
increased active inhibition or through disregulation of cerebral
blood ﬂow. Increased cerebral blood ﬂow might be associated with
some ongoing electrical activity propagating via subcortical net-
works after termination of the seizure and suppression of the
corresponding cortical discharges.26 All these studies of cerebral
blood ﬂow have shown bitemporal involvement.
Our study has several limitations, ﬁrst of all it is a retrospective
study so the previous psychiatric history of our patients may have
been underestimated, we have just included psychosis antece-
dents but we did not have information about mood disturbances
and major depression antecedents.
Another limitation of our study is that we have just selected
patients with temporal lobe epilepsy. Although PIP has been more
frequently observed in temporal lobe epilepsy it had also been
reported in frontal lobe epilepsy (FLE) and in primary generalized
epilepsy. Some authors have studied globally the characteristics of
PIP in partial epilepsy.6,8 One study from Adachi et al.27 have
compared IIP and PIP in patients with TLE with patients with
frontal lobe epilepsy and have found no differences in epilepsy
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frequency.) but the group of IIP FLE patients exhibited hebephrenic
symptomsduring theactivephaseof thepsychosismainlyemotional
withdrawal and blunted affect. On the other hand, TLE patients
tended to show more paranoid symptoms. Clinical differential
characteristics and pathophysiology in this subgroup of patients
(frontal lobe epilepsy temporal lobe epilepsy and primary general-
ized epilepsy)may be different andmay need further investigations.
And the most important limitation of our study was the number of
patients and controls included, wewanted a homogeneous group so
we collected patients and controls with the same pathology
(temporal lobe epilepsy) and seen in the same center.
In summary we consider that presurgical studies of patients
with temporal lobe epilepsy and PIP should be exhaustive looking
for bilateral temporal lobe dysfunction that could preclude the
surgical treatment. Special care should be taken with this patients
looking for premonitory symptoms such as insomnia in order to
start treatment as early as possible.
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